Abstract Space debris has been posing a serious threat to human space activities and is needed to be measured and cataloged. As a new technology of space target surveillance, the measurement accuracy of DRLR (Diffuse Reflection Laser Ranging) is much higher than that of microwave radar and electro-optical measurement. Based on laser ranging data of space debris from DRLR system collected at SHAO (Shanghai Astronomical Observatory) in March-April 2013, the characteristics and precision of the laser ranging data are analyzed and its applications in OD (Orbit Determination) of space debris are discussed in this paper, which is implemented for the first time in China. The experiment indicates that the precision of laser ranging data can reach 39cm-228cm. When the data is sufficient enough (4 arcs of 3 days), the orbit accuracy of space debris can be up to 50m.
from several meters to tens of meters, which cannot meet the requirement of precise measurement to some space objects, the new observation technology is needed. As one of the precise observation technology for the space geodesy, single measurement precision of SLR (Satellite Laser Ranging) to the cooperative targets with corner reflectors could reach sub centimeter level, and will be up to millimeter level (Ye 2000) . But for the measurement of non-cooperative targets without corner reflectors, such as space debris, most satellites and unused spacecrafts, the DRLR (Diffuse Reflection Laser Ranging) technology should be used. The method of diffuse reflection laser ranging is similar to the conventional laser ranging, the distance between a ground-based laser station and space targets is obtained by measuring the round-trip propagation time of the laser signal. The main difference is that the way of laser pulse reflection and the cooperative targets make the incoming laser pulse back to the ground station through the corner reflectors, while through the way of diffuse reflection from the surface for uncooperative targets. The laser energy of diffuse reflection is far less than that from cooperative target. But comparing with the conventional laser observation, diffuse reflection laser ranging technology has a wider range of applications, and its measurement precision can reach to 50 -250cm (e.g.,Ben 2002; Kirchner 2012; Li 2011; Zhang 2012) , which is about 1-2 orders of magnitude better than that of electronic fence, optical or radar system. DRLR could provide high-precision observation and it is beneficial to monitor the space debris.
Based on the 60cm aperture laser ranging system and DRLR technology, some experiments about DRLR for tracking the space debris are carried out using 200Hz, 50W power lasers system in March -April 2013 at SHAO. Lots of valuable laser ranging data are obtained. The laser ranging data of the single station from some space debris is processed to realize the orbit determination for space debris and evaluate the accuracy of the DRLR data. Meanwhile, the application of the DRLR data in orbit determination for space debris is discussed in this paper.
Because of the ubiquity of space object collision risk, accurate surveillance of space target such as satellite and debris becomes very important. Institutions have paid great attention to laser ranging technology tracking and monitoring the space debris and non-cooperative target. Telescope with the aperture of 3.5m of the United States Air Force in New Mexico, Starfire, has been collecting the corresponding data. In 1994, Fugate reported that they could measure non-cooperative targets within 1000 km with defuse reflection laser ranging system on the ninth Canberra International Conference on laser ranging. In recent years, a new development trend was noticed that the diffuse reflection laser ranging technology is used to monitor the uncooperative targets. The Australian EOS company started the laser measurement to space debris at the 
DRLR SYSTEM AND LASER RANGING DATA STATISTICS OF SPACE DEBRIS
During past several years SHAO has built space debris laser ranging system with high pulse energy, low repetition rate, lamp pumped solid-state laser. And for the first time in China, our group successfully applies the 50W power diode pumped solid-state laser system with 200Hz and low dark noise APD detector to observe space debris and many passes of laser data are obtained.
For laser ranging to space debris, the high power laser system with good beam quality, stability and pointing accuracy is very important, especially for observing space objects with long distance and small size. The lamp pumped laser system with low repetition rate was used during 2008-2012 at SHAO. For the high power laser system, the best way to meet the power and not to damage the module of laser system is to increase the working frequency and to decrease the pulse energy. In order to test the measuring ability of high power laser at the high repetition rate mode, a set of the semiconductor pumped laser system with the power of 50W and 200Hz working frequency was installed at SHAO at the beginning of 2013.
The high power laser system helps to solve number of laser returns from space debris. Next the keys is to reduce the level of noise detection to make large scale of range gate adjustment and obtain laser returns with high S/N for farther and smaller space debris. The breadboard APD detector is developed by our group based on Compass LTT detector and cooperation with domestic university. Figure 3 shows the APD detector and its main performances. By using the detector, the dark noise can be decreased. But the noise from sky and targets also make some influences on the laser detection. For that, the high efficiency narrow bandwidth spectrum filter is adopted to reduce the level of background noise. The main characteristics of the filter are following:1)Center wavelength:532nm;2)Bandwidth:1nm;3)Efficiency:>90%.
The event timer Model A033-ET for time interval measurement with 10 psec timing precision made by the Riga University, Latvia is used. The control system of laser measurement is the same as the routine kHz SLR system. The tracking error of 60cm telescope is less than 1 arc second to meet the requirement of tracing to space debris targets.
In March and April 2013, DRLR data of 18 targets which have more than 2 arcs is obtained. Those targets are mainly rocket bodies, unused satellites with orbit altitude (perigee altitude) from 400 to 900km. Table 2 shows the detail information of laser ranging data from the 6 targets. The longest time of measured arc is about 4 minutes. The mean of interval sampling data (except 28222) is about 100 ms. In other words, about 10 laser ranging data could be collected in per second. The minimum measured distance is 571km and the maximum is 1455 km. The information of the targets and arcs is shown in Table 2 . Table 2 indicates that the measuring system of DRLR could track and measure space debris or defunct satellites with the size (RCS) of larger than 1m 2 , the orbital altitude of less than 1000 km continuously at SHAO. The maximum distance is close to 1600 km. The sampling rate of laser ranging data could reflect the external characteristics of space targets.
ORBIT DETERMINATION (OD) AND RESIDUAL ANALYSIS BY DRLR
Because the laser ranging data of DRLR is collected from the single stations, most of targets only have 1 arc per day except NORADID 20453. To meet the need of requirements of orbit determination, the 2 or 3
arcs are needed at least. In data processing, the non-cooperative targets are regarded as the particle and the size and centroid correction of targets are not considered (Huang 2003) . The dynamic models used for the All forces acting on the satellite are regarded as perturbations except the central gravitational force.
Considering the un-modeled errors and observational errors, some used dynamic parameters are regarded as unknown parameters and estimated together with the orbit parameters (Tapley 1989) . Based these consideration, the results of orbit residual of the mentioned six targets are shown in Table 4 . The results include the estimated atmospheric drag parameter (Cd0) that is estimated in whole arc. Figures 1-6 indicate the orbit residuals of the 6 targets. The mean residual of the 6 targets are about 111cm. The maximum value is Due to the size, attitude in orbit and other factors of non-cooperative space target, especially the space debris from the rocket wreckage, they generally fly with irregular flip. The OD residuals of these targets are from 39cm to 288cm which of accuracy is a little worse than that of the single laser ranging data 
EVALUATION OF PRECISION OF OD FROM DRLR
For non-cooperative targets and space debris, under normal circumstances, it is difficult to obtain the accurate orbit product used to evaluate orbit result. Thus, the TLE (Two-Line Element set) provided on SpaceTrack website are used to test the reliability of the orbit results estimated with laser ranging data from a single station. After that, the method of orbit segmentation and orbital overlaps (Tapley 2004 ) is used to assess the accuracy of the orbit results of the targets which have adequate observations. The target 20453 has 4 arcs in 3 days so that it has more adequate data and could meet the requirement of the assessing method of orbit segmentation and orbital overlaps (The same dynamic model and POD strategy is used). So the results from this target are used for assessing the accuracy of orbit determination.
The results are shown in Table 5 and the plot of the deviation distribution of orbit is illustrated in figure 8 . From the results in Table 5 and Table 6 , it can be seen that the accuracy of orbit determination of space debris is better than 50m, when the adequate laser ranging data from single station is processed. This result 
CONCLUSIONS AND DISCUSSIONS
Based on the technology of laser ranging already has, the laser measurement system was upgraded at SHAO. OverLap_Diff ( 2. The data from 18 targets and 43 effective arcs of laser ranging is processed and analyzed. The DRLR system could continuously track the large size (RCS>1m 2 ) of space debris at the orbit altitude of less than 1000km and with the maximum ranging close to 1600km.
3. By using the multi arcs of laser ranging data from single station, the orbit determination of space debris could be performed and the accuracy of orbit determination is better than 50m (orbital overlaps) with adequate data.
As new means of observing non-cooperative targets or space debris, the DRLR technology has significantly improved detection accuracy about 1m which is much higher than other space debris measurement equipment at the precision of tens of meters. Within ability of detection, DRLR system has gotten continuous targets measurements, and verified the feasibility of DRLR technology in the measurement to space debris with the high success rate. As the development of the high-precision measurement technology, DRLR system could provide high-precision data for orbit determination and collision warning in the future.
